The removal of tartrazine dye (A5) onto activated carbon produced from pecan nut shells (Carya illinoinensis) obtained under specific conditions and one step simultaneous carbonization/activation process was carried out in this work. First order, pseudo-second order and Elovich adsorption kinetic models were applied for the kinetic studies. The experimental equilibrium data were analysed using the isotherms of Langmuir, Freundlich and Temkin. Batch adsorption studies were performed for the removal of tartrazine azoic dye from aqueous solutions by two materials obtained at 600 °C (NAC-600) and 857 °C (NAC-857) and another two materials prepared at the same temperatures but simultaneously activated with steam (NAC-600-H 2 O and NAC-857-H 2 O). The zero point charge was between pH values of 9 to 11 and the maximum adsorption occurred when activated carbons were steam activated and were 4.47 and 13.66 mg g Ϫ1 for NAC-600-H 2 O and NAC-857-H 2 O respectively. The results clearly showed that the adsorption of A5 onto carbonaceous materials from nut shells (NAC) best fit to the pseudo secondorder model, and the rate constants were in the range from 489.3 to 509.4 g mg
INTRODUCTION
The presence of humans in any environment increases diversity and generation of all kind of wastes being necessary to ensure their appropriate destination to diminish the impacts on environment and human health. Incineration and landfill disposal are the most used and implemented options currently in waste management (Schrör, 2008; USEPA, 2009 ). *Corresponding author. Tel.: +52 6566881821x1621; fax: +52 6566881894 E-mail: jonatan.torres@uacj.mx In general the incineration process for different kind of wastes is increasing as an energy production process instead of a process of waste mass-burn (Wilson et al. 2013) . Incineration completely destroys the organic content of wastes while other thermochemical alternatives allow the conversion of wastes into new organic products that can be used as raw materials for the chemical industries or as substitutes for traditional fuels. The carbonization that consists in the thermal degradation of waste in an inert environment with no oxygen content is another alternative to final disposal in some specific cases.
Nowadays wastes such as polymers and lignocellulosic materials are generated in large amounts (Bernardo et al. 2012) and they can be used as raw materials for carbonization processes (Ensuncho-Muňoz and Carriazo 2015) . The resulting product of the carbonization process is a solid char that is mainly composed of a carbon-rich matrix that contains almost all the inorganic compounds present in the raw wastes and a significant amount of condensed by-products formed during the thermal treatment process dispersed throughout the solid porous structure.
Agricultural by-products such as lignocellulosic materials are the most common raw precursors used for low cost adsorbents fabrication (char) (Li et al. 2015) , and these lignocellulosic sources are available in large amounts and cheaper than conventional precursors. An important number of studies describe the possibility of adsorbent materials preparation based on such wastes, focusing principally on wastewater treatment (Oliveira and Franca 2008; Rosas-Castora et al. 2014; McKay et al. 1997) . The production of pecan nuts (Carya illinoinensis) in the north region of Mexico (State of Chihuahua) is the highest of the entire country, with a yearly production of 38,000 tons (SAGARPA 2014) .
Agricultural residues are in general lignocellulosic substances which contain hemicelluloses, cellulose and lignin and these components have high molecular weights. Many of those chemical components comprising lignocellulosic materials have been extensively studied in the last two decades (David and Hon 1995) .
In recent years, the presence of dyes and the nonbiodegradable nature of these molecules remain an aesthetic and environmental concern. Adsorption, particularly by carbon based adsorbents, has been shown to be an efficient technology, with diverse applications in purification and decontamination water processes (Li et al. 2010; Sun and Webley 2010; Sulaymon et al. 2009; Liou 2010; López-Velandia et al. 2014; Samarghandi et al. 2014) .
The aim of this paper is to evaluate the experimental conditions to improve the porosity development and adsorption capacity of the carbonized/activated carbon (NAC). The influences of temperature on the carbon yield and adsorption uptake were analysed. Textural and surface properties of the prepared adsorbent were performed. Moreover, the adsorption equilibrium, isotherms and kinetics were investigated and analysed.
MATERIALS AND METHODS

Raw Material
The pecan nuts (Carya illinoinensis) shells were obtained directly from the local producers in the State of Chihuahua in northern Mexico and they correspond to Wichita and Western varieties. The shells presented a brown coloration; they were dried in an oven at 105 5°C and then they were cracked into fragments with diameters around 0.5 and 1 cm that were used in these conditions for carbonization or activation because the majority of pecan nut waste (shells) are present in these conditions and exhaustive cracking or sieving process are not required. A simple characterisation of the raw material prior carbonisation and activation process was performed. The thermal behaviour was measured by TGA analysis (SDT Q600). About 2.215 mg of sample material was heated from 25 °C to 700 °C until no further weight loss was detected. Also moisture and total ash content were determined.
Activated Carbon Production
The pecan nut shells, after drying for 24 hours were heated at 10 o C min Ϫ1 up to 600 or 857 °C under a nitrogen flow rate of 0.5 L min −1 ; this last temperature was selected because the furnace stabilization was reached at 857°C and it was a temperature value closer to that reported for activated carbons prepared from agricultural by-products (Torres-Pérez et al. 2012) . After the maximum temperature was reached, in some cases steam was introduced into the furnace equipped with a quartz reactor, the steam activation was performed by introducing water with a peristaltic pump at the entrance of the quartz vessel at 0.7mLmin −1 for 80 min; the water drops were carried into the reactor by the gas used to maintain the inert atmosphere (N 2 ). Then, heating was stopped and the samples were left to cool under the nitrogen atmosphere in the reactor. These conditions were optimized from a previous study, ( Torres-Pérez et al. 2012 ) and designed to follow a sustainable production process with the utilization of local resources, a direct activation process was used and the activating agent was totally innocuous (water).
The carbonaceous materials obtained from pecan nut shells were called NAC-600 and NAC-857, for those prepared at 600 and 857 °C respectively without any additional treatment. The steam activated materials were called NAC-600-H 2 O and NAC-857-H 2 O for the materials prepared al 600 and 857 °C respectively. After the carbonization process was finished, the materials were crushed in a hammer mill and the particles were sieved, the particle sizes used for A5 removal experiments were between 0.50-1.00 mm; this step was done in order to obtain similar particle sizes to those of granular commercial activated carbons. This fraction was washed with distilled water (10 g L −1 ) until the pH remained constant, finally they were filtered and dried at 105 5 °C. Mass yields were 33.58 and 33.01 % for NAC-600 and NAC-857 respectively and 29.27 and 22.10 % for NAC-600-H 2 O and NAC-857-H 2 O respectively.
Activated Carbon Characterization
pH PZC Determination and Total Ash Content
The pH PZC was carried out by placing 100 mL of 0.1 M NaCl solution in a closed Erlenmeyer flask and the pH was adjusted to values between 2 and 12 by adding solutions of HCl or NaOH (0.1 M). Then, 0.05 g of each sample was added and the final pH measured after 5 days under stirring at 22 °C. The pH PZC is the point where the curve pH final vs. pH initial crosses the line pH final = pH initial (Faria et al. 2004) . The total ash content as percentage w/w was calculated by the standard test method for activated carbon (ASTM 1994).
BET Surface Area Analysis
Some textural parameters of the carbonaceous materials, like surface area and porosity, were analysed by standard multipoint techniques of nitrogen adsorption. Non-activated and activated carbonaceous materials samples were heated at 373 K for 2 h before specific surface areas were measured. The N 2 isotherms were applied at 77 K in a Micromeritics Gemini 2360 instrument. The specific surface area (S BET ) and total pore volume (V total ) were obtained from the BET isotherm model. All the experiments were performed in duplicate.
EDX and SEM
For SEM observations, the material samples before contact with dye solutions were mounted directly on the holders, covered by gold sputtering, and then observed. The carbonaceous materials were observed at 10 and 20 kV in a XL 30 Philips electron microscope. A magnification from 100X to 500X was used to obtain the images. At the same time, the microanalysis was done with an EDX (Energy X-ray Dispersive Spectroscopy) system to determine the elements contained on the surface of the carbonaceous materials.
X-Ray Diffraction
Powder diffractograms of the samples were obtained with a Siemens D500 diffractometer attached to a copper anode X-ray tube. The conventional diffractograms were used to identify the compounds to verify if any crystalline structure exists.
FTIR Analysis
The functional groups on the surface of the prepared materials were identified using the Fourier Transform Infrared analysis (FTIR), the activated carbon samples were ground in a mortar prior to analysis. For the analysis conditions, a sample scan of 64 was used at a resolution of 4 cm −1 measured between 400 and 4000 cm −1 using an FTIR Bruker Alpha Platinum-ATR instrument.
Tartrazine Azo Dye (A5) Removal
Sorption Kinetics
Batch contact time experiments were conducted at room temperature (20 °C) by stirring 0.5 g carbonaceous materials with 500 mL of A5 solution (50 mg L −1 ), at 150 rpm; the initial concentration was established in order to have a representative and similar dye presence in water than those found in food and cosmetic industry wastewaters. Initial pH values were close to 7.0 and were recorded at the end of the experiment. The equilibrium time was considered accomplished when no more changes occurred at the X-axis by plotting C t versus time (t). The A5 dye concentrations in the solutions were determined using a Jenway ® UV/Visible spectrophotometer Model 7315 at 425 nm. To investigate the mechanism of sorption, three kinetic models were tested, namely:pseudo-first order, pseudo-second order and Elovich kinetic models.
Adsorption Isotherms
Batch adsorption isotherms were conducted with 125 mL of synthetic solutions from 10 to 50 mg L −1 of A5 dye and 0.125 g of carbonaceous materials. The bottles were sealed and placed on an orbital shaker for 5 days at 20 °C. After shaking, the equilibrium pH was measured and recorded, the samples were decanted and the concentration of A5 in the aqueous media was determined by UV/Vis spectroscopy with a spectrophotometer (7315, Jenway ® ). Analytical measures were obtained with a quantification limit of 0.2 mg L −1 and a detection limit of 0.1 mg L −1 . It has been verified that no adsorption occurs on the wall of the plastic bottles.
Carbonaceous Materials Material Regeneration
The saturated carbonaceous materials prepared from pecan nut shells (after a first sorption cycle) were placed in contact with three different chemical reagents; Fenton-like reagent (0.01 M FeCl 3 Ϫ3% H 2 O 2 ), hydrogen peroxide (3%) or ferric chloride (0.01M FeCl 3 ) for 24 h with constant agitation (150 rpm) at room temperature. Saturated materials were left with 10 mL of each solution, and then they were put in contact with new solutions of azoic tartrazine dye (A5) to measure the efficiency of regeneration after a sorption-regeneration cycle was completed with each material. After the sorption-regeneration cycle, colour was measured in the remaining solutions, as described above.
RESULTS AND DISCUSSION
Raw Material
To have an idea about the thermal behaviour of the pecan nut shells during the carbonisation/activation process, the raw sample was analysed by TG/DTA (Fig. 1 ). The TG curve shows a weight loss lost (3.43%) in the temperature between 50-150 °C due to loss of water of the sample. The weight loss obtained at specific times was closer to the one obtained for moisture determination (3.7%) of the raw material. The most important weight loss (68.81%) was observed at the range of 250 and 510 °C, due to the thermal decomposition of the organic compounds of the pecan nut shells (cellulose, hemicelluloses and lignin). At higher temperatures than 510 °C the structure of the char was formed, and was observed by the small weight loss at that temperature. The DTA peak below 100 °C is principally due to the loss of water in the sample. In addition to moisture, volatile compounds are also lost, due to water vapour. The pecan nut shells consist of cellulose, hemi-cellulose and lignin; the DTA peaks between 200 and 400°C correspond to the thermal degradation of those compounds (Ouensanga and Picard, 1988) . Among the three components, lignin was the most difficult one to decompose. Its decomposition happened slowly under the whole range from room temperature to 700 °C (Raveebdran et al. 1996; Caballero et al. 1997) .
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The values of the elemental composition of Mexican pecan nut shells have been reported by Aguayo-Villarreal et al. 2013, presenting C: 49 .8%, H: 6.0%, Nitrogen: 0.4%, Oxygen: 43.9%. The moisture and the total ash contents in pecan nut shells was 3.7 and 1.5% respectively. According to the characteristics of the raw material such as high volatile, low ash content and an important percentage of carbon, this agricultural by-product becomes a suitable precursor for activated carbon production.
Activated Carbon Production
As a result of the carbonization and activation conditions of the raw material, different yields were obtained depending on the carbonization temperature and activations conditions ( Table 1 ). The temperature did not play an important factor when the pecan nut shells were only carbonised, the final yields for materials prepared at 600 and 857 °C were similar showing a difference of 6.2 % between them. On the other hand, the effect of steam activation was important when the temperature was higher, the yield for NAC-600-H 2 O and NAC-857-H 2 O after the simultaneous process (carbonization/activation) was complete were 33.58 and 22.10% w/w respectively.
Activated Carbon Characterization
pH PZC Determination and Total Ash Content
Based on pH measurements it was proposed to determine the pH of point of zero charge (pH PZC ) a methodology described by Faria et al. (2004) . It has been described that the pH PZC depends on the electronic and chemical properties of the functional groups located on the surface of activated carbons and also is a good indicator of these properties. After a contact time of 5 days between the carbonaceous materials and the solutions with different pH values, if the final pH of the solution is the same than those before the materials introduction, then it is called pH PZC .
Rivera-Utrilla et al. (2001) established that (i) at pH < pH PZC the surface global charge of the solid is mostly protonated and hence positively charged, (ii) at pH = pH PZC the surface presents equal positive and negative charges, and (iii) at pH > pH PZC , the surface global charge of the solid is mostly deprotonated then negatively charged. All the carbonaceous materials obtained in this work present a basic behaviour with pH PZC values between 8 and 10.5 (Table 1 ). After those results, the carbonaceous materials prepared from pecan nut shells in solution will present a basic pH and provide useful information about the pH variation during the sorption process. The raw pecan nut shell has a total ash content of 1.2 %. By other hand, the ash content of the carbonaceous materials was considerably higher with ranges from 12.50 to 16.03 % (Table 1) . In this kind of material, generally the high ash content in the raw material could result in a decrease of microporous volume (Valix et al. 2004) .
BET Surface Area Analysis
Solute adsorption depends in some cases on the surface area and other characteristics of the porous adsorbent. Table 2 shows the specific surface areas for NAC-600, NAC-857, NAC-600-H 2 O and NAC-857-H 2 O. The last material possesses the highest surface area and it is probably due to the creation and opening of the restricted pores by steam water reaction effect. This value is in the same order of magnitude as those of other activated carbons obtained from similar wastes (Foo and Hameed 2011 ). NAC-857-H 2 O exhibits a value for specific surface area almost a hundred times higher than NAC-600-H 2 O, this shows temperature is an important parameter in activation process, Figures 2 and 3 show the nitrogen adsorption isotherm at 77 K and pore distribution plots respectively for NAC-857-H 2 O, these results show that after the activation process. The specific surface area increased considerable and the mean pore size decreased, then it is improbable that a molecule such as tartrazine may enter to these small pores of carbon, the adsorption of tartrazine was only about 3 times higher for NAC-857-H 2 O that NAC-600-H 2 O, these parameters may be responsible for this behaviour. Total pore volumes values for the materials (Table 2 ) agree with the values obtained for the surface areas. The mean pore diameters determined (Table 2) correspond to a mesoporous adsorbent (from 2 to 50 nm).
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Scanning Electron Microscopy
The elemental chemical composition of the carbonaceous material without and with steam activation is shown in Table 3 . The main elements corresponding to C and O, were identified, and similar observations have been reported by Foo and Hameed (2001) . On the other hand, Figure 4 show a section of the porosity for the steam activated material prepared at 600 °C and 857 °C respectively. Figure 5 shows the X-ray diffraction pattern for NAC-857-H 2 O. In effect, the XRD study of the carbonaceous material activated with steam indicates that the sample shows no crystallinity, it is possible to observe two important diffraction peaks corresponding to calcite Ca(CO 3 ). 
X-Ray Diffraction
FTIR Analysis
The functional groups in the prepared materials normally rule the adsorption process. The FTIR spectra of the raw pecan nut shells, carbonised and activated materials were performed to have an idea about the functional groups present in the materials. The spectra of the raw pecan nut shells are shown in Fig. 6 and 7 respectively. The peaks in the region (3700 cm −1 ) are attributed to the hydroxyl (-OH) groups of alcohols, phenols, carboxylic acids and water adsorbed on the samples (Salman et al. 2011) . The broad band at 3400 cm −1 is associated with the presence of phenolic groups in the samples and corresponds to O-H stretching. The peaks at approximately 3000 cm −1 correspond to the C-H stretching of methyl groups (Njoku et al. 2013) . The peaks around 2300 cm Ϫ1 are characteristic of the C∫C stretching vibration of alkyne groups (Njoku and Hammed 2011) . The FTIR results for the carbons prepared with and without activation at 600 °C (NAC-600 and NAC-600-H 2 O) and the materials prepared at 857 °C (NAC-857 and NAC-857-H 2 O) are shown in Figures 6 and 7 respectively, the peaks around 1630 cm −1 for the prepared activated carbons can be assigned to the C=O axial deformation of aldehyde, ketone, lactone and carboxyl groups; aromatic C=C ring stretching was observed at 1600-1550 cm Ϫ1 . (Salman et al. 2011 ). Aromatic C=C peaks are an indication of benzene-like rings. Peaks 1400 cm Ϫ1 are ascribed to C=C vibrations in aromatic rings and C-H bending vibrations in CH 3 groups (Olivares-Marín et al. 2012) . The absorptions peaks between 1200 and 1000 cm Ϫ1 indicate C-O stretching vibrations in alcohols, phenols, acids, ethers or esters (Salman et al. 2011 ) and they were slightly shifted in the case of activated carbons prepared at 600 °C compared with non-activated carbons. In general, the bands at the interval of 1500-1000 cm Ϫ1 , correspond to carbonyl group, carboxylate ion, ash component and chelate bonded carboxylate structures ( The removal of hydrogen and the presence of derivatives were expected by the formation of graphitic structure; moreover the presence of functional groups on carbonaceous materials is expected to be lower due to the destruction of lignocellulosic matrix of pecan nut shells into less complex structures. Figure 8 shows the kinetic behaviour of A5 by the different carbonaceous materials, which represents the decrease of A5 in solution with time. In 24 h, the A5 concentration approaches the sorption equilibrium. For example, in 120 h when NAC-600-H 2 O was used, the maximum A5 removal by that material was around 4.5 mg/g. The effect of A5 removal was studied as a function of the thermal treatment temperature and the effect of physical activation of the adsorbents as shown in Fig. 8 . The removal of A5 with NAC-857-H 2 O was highest value of 13.66 mg/g; this value represents 6, 5.9 and 3 times greater than NAC-600, NAC-857, NAC-600-H 2 O respectively. As the treatment time progressed, the adsorbent sites showed a tendency towards saturation. The difference between the adsorption capacities of the materials could be attributed to the difference in the number of adsorption sites of the different adsorbents. With short contact times (less than 12 hours), the standard deviations were high, while from 12 to 72 hours, the kinetic behaviour was similar for the none activated materials (NAC-600, NAC-857) and the activated material prepared at 600 °C (NAC-600-H 2 O) reached a plateau at 48 hours. The sorption equilibrium for NAC-857-H 2 O was reached after 96 h contact time. (Lagergren, 1898) The experimental results were adjusted to the first-order model. In this model, the sorption rate is proportional to the solute concentration (Mathialagan and Viraraghavan 2003) . The experimental results were correlated to the following equation (1):
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A5 Kinetic Studies
First-Order Model
( 1 ) where q e and q t are the quantities of adsorbed pollutant at equilibrium and at time t, and K is the Lagergren adsorption rate constant. The experimental results were correlated by the Lagergren equation using the program Statistica 8.0. R and the kinetic parameters obtained are shown in Table 4 .
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Pseudo-Second-Order Model
The experimental results were fitted to this model, which is generally applied to the adsorption system wherein the chemisorption mechanism takes place. The pseudo-second-order equation (2) is shown 1999; 2002) :
and the linear form is equation (3):
where k is the pseudo-second-order constant, q e is the quantity of pollutant sorbed at equilibrium, and q t is the quantity of pollutant adsorbed at time t. Table 4 shows k and R values for the non-activated and activated carbonaceous materials. In general, the experimental results were best adjusted to the pseudo-second order model, which is generally used for heterogeneous adsorbents and chemical sorption Samarghandi et al. 2014) .
Elovich Model
The Elovich rate equation has been used to describe the kinetics of chemisorption of gases on solids. However some researchers have applied this model to solid-liquid sorption systems (Cortés-Martínez et al. 2004) . This model is represented by the following equation:
where q t is the amount of dye adsorbed at time t a is the sorption constant of the dye b is the desorption constant of the dye This model has been used widely in chemisorption on highly heterogeneous materials.
( ) Table 4 shows a, b and R for the adjustments of the experimental data to this model. The equation considers that the sorption sites have different energies on the surface of the adsorbent, perhaps the experimental data could be adjusted to this model for this reason.
The adsorption constant "a" was the highest for the NAC-857, the lowest for the NAC-600 and it fitted in an acceptable way to all materials except for NAC-857. The highest desorption constant "b" was observed for the NAC-857 and the lowest for the NAC-857-H 2 O, this behaviour may indicate that the dye is most stable in the carbon sample activated with water-steam than in the other two materials.
Taking into account all these considerations, the results were best adjusted to the pseudo-second order model, and in general, R values were higher for this model than for the first order and Elovich models (Table 4 ). The equilibrium pH values at the final of the sorption process were 6.1, 6.0, 5.3 and 6.7 for NAC-600, NAC-600-H 2 O, NAC-857 and NAC-857-H 2 O respectively.
Adsorption Isotherms
Langmuir, Freundlich and Temkin models were applied to describe the experimental results and they are showed in Figures 9, 10 and 11 for NAC-857-H 2 O, respectively.
Langmuir Isotherm Iodel
The Langmuir equation is the following (Equation 5): (5) where q e (μg.g −1 ) and C e (μg.L −1 ) are amount of A5 dye at the equilibrium in the solid and liquid phase respectively. q m and b are the parameters representing the maximum sorption capacity and the sorption constant (L.μg −1 ) respectively. According to the Langmuir model assumptions, the adsorption occurs in a monolayer coverage characterized by the q m value, on homogeneous adsorption sites of constant energy and there is not any interaction between the adsorbed species (Langmuir 1916 The Langmuir constant (b L ) obtained from the application of the model to experimental data were calculated and presented in Table 5 . It is evident from Table 5 that the experimental data do not fit the Langmuir model for non-activated carbons yielding very poor correlation values; the values of monolayer adsorption capacity (q m ) for the material prepared after physical activation were 0.318 and 16.84 mg/g for NAC-600-H 2 O and NAC-857-H 2 O respectively. This could indicate that a higher temperature and steam activation would enhance the adsorption capacity. The adsorption capacities of tartrazine over a variety of adsorbents (Klett et al. 2014; Banerjee and Chattopadhyaya 2013; Wawrzkiewicz and Hubicki 2009; Mittal et al. 2007; Dotto et al. 2012; Ansari et al. 2011; Monser and Adhoum 2009; Andriantsiferana et al. 2014 ) are compared and reported in Table 6 . 
Freundlich Isotherm Model
The empirical Freundlich model (Freundlich 1906 ) is formulated as:
and n are the Freundlich constants which indicate respectively the adsorption capacity and the heterogeneity factor. The assumptions are (i) the adsorption sites have different energies, (ii) the adsorbed species could interact between them and (iii) there is no upper limit to adsorption which restricts its use to diluted media.
The K F increased when the materials were prepared at higher temperature (857 °C), also indicating an increase in dye sorption. The n constant was near to 1 in all cases which may be attributed to the distribution of active sites on the surface of the carbonaceous materials.
Temkin Isotherm Model
The Temkin isotherm model contains a factor that takes into account the interactions between adsorbate and adsorbent (Temkin 1940) . Also this model implies that the heat of adsorption of all the molecules in the layer would decrease linearly with the coverage involved in this interaction. The Temkin model in its linear form is expressed as follows: 
where
where K T represents the Temkin equilibrium binding constant (L/mg) that corresponds to maximum binding energy and B is the constant related to the heat of adsorption. The experimental results were analysed by using this model (eq. 8). A plot of q e versus ln C e permit the determination of the isotherm constants K T and B from intercepts and slopes respectively. All the constants determined and the R values are shown in Table 5 . The values of R suggest that this model does not fit well to the experimental data. So the data were best adjusted to the Freundlich model. According to the adsorption capacity, some materials were studied for tartrazine dye (A5) removal. The Table 6 shows the sorption capacity onto those materials and it is appreciated that the pecan nut activated carbons have a good performance in sorption tests. The adsorption capacity of this study was better than other materials reported in literature used for A5 removal but also less effective than commercial activated carbon or chitosan.
Sorption-Regeneration Cycles
After the adsorbents were treated with the A5 solutions, three different regeneration processes were performed, and the samples were treated with H 2 O 2 , FeCl 3 or Fenton-like reagent solutions. The sorption percentage of tartrazine onto saturated NAC-857-H 2 O after different regeneration method is presented in Figure 12 , it is clear that after contact of saturated materials with the different reagents the sorption capacity decrease compared with the new material; the regeneration method by using FeCl 3 presents the best performance, but the sorption capacity of the NAC-857-H 2 O was 40.20%, followed by Fenton-like reagent with 32.39% and the H 2 O 2 regeneration only showed a 11.46 % sorption compared with the first cycle onto virgin carbonaceous material. The formation of the highly reactive, non-selective radical OH in proximity to high concentrations of 910 Torres-Pérez/Adsorption Science & Technology Vol. 33 No. 10 2015 Figure 12. Experimental adsorption sorption (%) of A5 onto NAC-857-H 2 O after regeneration process considering the maximum sorption in the first cycle like 100%. target organics near carbon surfaces normally favours the high transformation efficiency and enhances reaction kinetics relative to Fenton-driven oxidation in dilute aqueous systems (Huling et al. 2012) . The addition of H 2 O 2 reagents to the regeneration process arises due to greater intraparticle H 2 O 2 gradients and therefore greater H 2 O 2 penetration within the activated carbon particles but in the particular case of NAC-857-H 2 O this process was not effective. This indicates the reaction zone may have extended deeper into the carbon particle. During Fenton-like reactions, a decline in pH is attributed to H + release from the reaction of H 2 O 2 and the transformation of A5, and from the formation of acidic compounds such as carboxylic acids (Huling et al. 2012) . The best results were obtained after FeCl 3 reagent solutions was added to the saturated material; ferrous chloride was used to amend Fe to exhausted NAC-857-H 2 O, Cl − remains in solution and readily elutes from the exhausted material conducting to a major oxidation of dye molecules.
CONCLUSIONS
Characterization of carbonaceous materials obtained from Mexican pecan shells was carried out and revealed the presence of important porosity development on the activated adsorbent surface which can be lead to an A5 sorption process.
The NAC-857-H 2 O showed the highest sorption capacity to remove A5 from aqueous solution. Carbonization temperature and steam activation play an important role adsorption properties of the activated carbons obtained.
The kinetics of the removal process were studied, the values of the rate constants were determined and the removal process was found by best-fit correlations to follow pseudo-second order kinetics.
The equilibrium isotherm analysis closely followed the Freundlich and Temkin isotherms suggesting adsorbent surface heterogeneity and possibly some dye multilayering.
Three different regeneration processes were tested, but neither Fenton, FeCl 3 nor H 2 O 2 improve the dye removal or lead to similar values of sorption capacity of A5 by the saturated and regenerated carbonaceous materials.
In conclusion, agricultural wastes and in this case, pecan nut shells offer promise as an economically viable alternative activated carbon source for elimination of the tartrazine azoic dye from the aqueous solution taking into account the activated carbon production from wastes and the sustainable activation process that follows this alternative precursor.
